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Borogermanate glasses with a 25% molar content of lanthanoid oxides were synthesized and investigated. It 
was found that their glass transition temperature t g is about 770°C, approximately 200°C higher than the t g of 
laser phosphate glass. Relatively weak clustering of erbium, whose optical centers are characterized by high 
homogeneity and a large (86 - 90 mn)effective half-width of the 4 / 13/ , 2 —> 4 / 15 / 2 luminescence band of Er 3+ , is 
realized. 


Germanate glass, which has elevated physicochemical 
and performance parameters, is characterized by a lower fre¬ 
quency position of the phonon spectrum in comparison to 
silicate glass, which weakens intracentric dissipation of the 
excitation energy of different activators and gives this glass 
certain advantages when they are used as active laser ele¬ 
ments. However, due to the high cost of Ge0 2 , which is 
many times higher than the cost of Si0 2 , it has not been used 
in practice for a long time. Interest in germinate glass has re¬ 
cently increased sharply due to the use of germanium for 
doping quartz wave guides and attempts to introduce optical 
communications lines with a wavelength of k ~ 2 pm, near 
where Ge0 2 glass has an intrinsic optical loss minimum [1]. 
Due to the high Raman scattering section of germinate glass 
(one order of magnitude higher than for quartz glass), it is 
also promising for creating fiber lasers that operate on the 
induced Raman scattering effect [1], 

We investigated glass formation, crystallization, and the 
spectral-luminescence properties of glass of the Er 2 0 3 - 
Yb 2 0 3 - B 2 0 3 - Ge0 2 (EYBG) system which allows adding 
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up to 25% (molar content) of rare-earth oxides. Coactivation 
of this glass with Yb 3+ ions makes it necessary to sensitize 
luminescence of Er 3+ [2], while B 2 0 3 is used to increase the 
solubility of the rare-earth oxides [3] and accelerate the 
4 ^ii /2 4 Y 13/2 transition [4], the “narrow neck” in the sensi¬ 
tized luminescence channel of glass containing erbium and 
ytterbium. The basic “generation” band of lasers for er¬ 
bium-containing glass is due to a 4 / 13 / 2 -A 4 G 5/ 2 transition 
and is located in the spectral region at X ~ 1.54 pm. Such ra¬ 
diation is relatively safe for the eyes and is in the region of 
minimum optical losses of quartz fiber waveguides, which is 
also responsible for the wide use of lasers and amplifiers in 
erbium glass in range finders and fiber-optic communica¬ 
tions lines. 

Very pure Er 2 0 3 , Yb 2 0 3 , H 3 B0 3 , and Ge0 2 were used as 
the initial components for melting the glass. The glass was 
melted in corundum crucibles in oxidizing conditions at 
1490°C for 20 min. The glass melt was poured out of the 
crucible onto a metal plate and pressed with another plate to 
a thickness of 1.5 - 2.0 mm. Each portion of batch was cal¬ 
culated for 10 g of glass. According to the estimations in [5], 
for glass of similar compositions in the lanthanum - boro¬ 
germanate (LBG) system melted in corundum crucibles at 
1300 - 1350°C, the mass content of aluminum was 5 - 7%. 
Since the melting temperature in the present study was 
higher, we can predict that the mass content of aluminum 
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Fig. 1. DTA curves of glass powders with a different Er 2 0 3 : Yb 2 0 3 
ratio: 1, 2, and 3 ) samples No. 1, 4, and 7. 


would be greater than 7%. The calculated compositions of 
the glass was: 

xEr 2 0 3 • (25 -x)Yb 2 0 3 • 25B 2 0 3 • 50GeO 2 , 

where x = 1, 2, 3, 4, 5, 6, and 7% (molar content; the value of 
x corresponds to the numbering of the samples). 

Differential thermal analysis (DTA) of powdered sam¬ 
ples was performed with a Q-1500 derivatograph at a heating 
rate of 10 K/min. The x-ray patterns of the powdered sam¬ 
ples were recorded with a DRON-3M diffractometer (CuK a 
radiation, Ni filter). 

A Cary-500 spectrophotometer and a FT-1R NEXUS 
spectrometer were used to record the light-attenuation spec¬ 
tra. The luminescence spectra were recorded on a SDL-2 
spectrofluorimeter, corrected in consideration of the spectral 
sensitivity of the recording system, and presented in the co¬ 
ordinates: number of quanta per individual wavelength inter¬ 
val d N (X)/dX. Frontal excitation of the samples was used to 
reduce overabsorption of luminescence, and the sample 
thickness was decreased to 0.1 mm if necessary. The invari¬ 
ability of the geometric position of the samples in the record¬ 
ing channel allowed correctly comparing the relative intensi¬ 
ties of their luminescence. 

The DTA curves of EYBG glass with the minimum, in¬ 
termediate, and maximum Er 2 0 3 content are shown in Fig. 1. 
The glass transition temperatures f , determined by the 
tangential values method, are not a function of the 
Er 2 0 3 : Yb 2 0 3 ratio and are approximately 770°C. All three 
curves are characterized by an exothermic peak with a maxi¬ 
mum at 990°C. Heat treatment of the glass at this tempera¬ 
ture for 30 min caused the formation of the same set of 
phases, and with an increase in the erbium content but with 
the same Er 2 0 3 + Yb 2 0 3 molar content of 25%, the crys- 
tallizability of the glass increased (Fig. 2). The products of 
crystallization of these glasses were erbium and ytterbium 
borates and germanates. The similarity of the line diffraction 
patterns of erbium and ytterbium borates makes them diffi¬ 
cult to distinguish in the x-ray pattern of the crystallized 
glass. The same situation is also characteristic in identifica¬ 
tion of the germinates of these rare-earth elements. 
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Fig. 2. X-ray patterns of glass heat treated at 990°C for 30 min and 
diffraction line patterns from the electronic catalog of diffracto- 
grams: 1 and 2) glass of composition Nos. 6 and 1, respectively; 
i) ErB0 3 (JCPDS 113-0486); 4) YbB0 3 (JCPDS 74-1937); 
5) Er,Ge 2 0 7 (JCPDS 72-0745); 6) Yb 2 Ge 2 0 7 (JCPDS 45-0531). 


The crystallizability of glass of the EYBG system differs 
significantly from LBG glass of the 25La 2 0 3 - 25B 2 0 3 - 
50GeO 2 system (molar ratio, %). A pronounced dependence 
of the tendency to crystallize and the conditions of synthesis 
was established for the latter glass [5], In contrast to the glass 
from the EYBG system, the exothermic effects caused by 
crystallization were absent on the DTA curve of this glass 
melted in a corundum crucible. However, the DTA curve of 
the glass from the LBG system melted in a platinum crucible 
was characterized by a large exothermic peak at about 900°C 
[6], This difference in the crystallization of glass of the LBG 
and EYBG systems is perhaps due to the difference in the 
melting temperature and consequently the intensity of corro¬ 
sion of the corundum crucible, which causes a different 
A1 2 0 3 content in these glasses. In the case of EYBG system 
glasses, the concentration of alumina was probably outside 
of the range that inhibits crystallization processes, and opti¬ 
mizing it allows minimizing the exothermic effect on the 
DTA curve and the crystallizability of the EYBG system 
glass by analogy with LBG system glass. 

The light attenuation spectrum of sample No. 5 is shown 
in Fig. 3. The spectra of all other EYBG system glasses stu¬ 
died were similar. It is not difficult to see that the region of 
optical transparency of the matrix, measured for a natural ab¬ 
sorption index of 50 cm ', overlaps the entire range from 
2780 to 5680 nm. The narrow bands at X ~ 1530 nm and 
shorter bands at 830 nm located in this range are due to/-/ 
transitions of Er 3+ ions. The relatively wide band at 
X ~ 940 nm with an intense narrow component at X ~ 974 nm 
belongs to 2 F 7 / 2 ^> 2 F 5 / 2 transitions of Yb 3+ ions, and the 
weak band at X ~ 2900 nm (designated by the arrow in the 
inset) belongs to hydroxyl ions [6], The double-hump band 
with maxima at X ~ 3800 and 4400 nm can be assigned to 
bond vibrations in boron-containing structural groups, in 
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Fig. 3. Light attenuation spectrum D of sample No. 5 0.8 mm thick. 


d.V'/d/-. rel. units 



Fig. 4. Luminescence spectra of sample No. 1 at the excitation 
wavelength (1 ) and at 380 nm (2 ). 


consideration of the absence of such a band in germinate 
glass with no B 2 0 3 . 

We should emphasize that for all of the glasses investi¬ 
gated, the shape of the individual spectral bands of both 
coactivators was preserved, while the change in the integral 
intensity of each band in terms of one ion did not exceed 
± 10%. This suggests an important conclusion concerning 
the significant changes in the structure of the optical centers 
of Er 3+ and Yb 3+ as a function of the concentration of 
coactivators. 

The luminescence spectra of sample No. 1 in the 
4 ^i 3/2 ~> 4 ^i 5/2 transition of Er 3+ ions at an excitation wave¬ 
length of X exc = 974 and 380 nm are shown in Fig. 4. These 
spectra almost coincide, and the effective half-width of the 
given band, measured as the ratio of the integral intensity to 
the peak intensity, is 86 and 90 nm for curves 1 and 2. These 
values are much higher than the value of the same parame¬ 
ter for erbium-doped glass of the Te0 2 - Na 2 0 - ZnO 
(62 - 75 mn [7]) and Ti0 2 - A1 2 0 3 - Te0 2 (less than 75 nm) 
systems [ 8 ] and obtained from the gas phase of glass based 
on Si0 2 with Al and Ge additives (about 60 nm) [9]. In scan¬ 
ning of 7. cxc based on the absorption bands of both coacti¬ 
vators, the position of this luminescence band is preserved, 



Molar content of Er 2 03, % 


Fig. 5. Intensity of luminescence of Er 3+ ions in the 4 /| 3 / 7 —> 4 /j 5 / 2 
transition as a function of their concentration in glass of the EYBG 
system (k exc = 974 mn). The figures at the experimental points indi¬ 
cate the value of the natural absorption index (cm " 1 ) of hydroxyl 
ions at X = 2900 nm. 


while the change in the relative intensity of its contour at the 
same X does not go beyond the limits of ± 10 % for all sam¬ 
ples. This suggests the high homogeneity of the Er 3+ optical 
centers formed in this glass. 

The integral intensity of the sensitized luminescence of 
Er 3+ ions in the 4 /j 3 / 2 —> 4 Yi 5/ 2 transition as a function of their 
concentration in excitation in the 2 F 2 p —» 2 F 5 / 2 absorption 
band of Yb 3+ ions ( X exc = 974 nm) is shown in Fig. 5. The al¬ 
most total absorption of the exciting radiation in the surface 
layer and insignificant efficacy of reverse energy transfer to 
the sensitizer [4] suggest that the dependence is primarily de¬ 
termined by “upconversion” processes from the 4 / 13 / 2 state 
and its deactivation by extrinsic hydroxyl ions. In other 
words, the concentration of both hydroxyl and Er 3+ ions af¬ 
fects the luminescence intensity. 

The lower the hydroxyl group content, the higher the lu¬ 
minescence intensity is. The latter is maximum for a defined 
number of Er 3+ ions, and with an excess of these ions, it 
drops due to concentration extinction. In all probability, the 
relatively weak erbium clustering allows incorporating up to 
3% (molar content) of Er 2 0 3 in the glass (see Fig. 5) without 
marked extinction of luminescence in the 4 / 13 / 2 —» 4 Yi 5/ 2 tran¬ 
sition. As the shape of the curve in Fig. 5 indicates, the effect 
of hydroxyl ions is less important and “upconversion” makes 
the basic contribution to the decrease in the luminescence in¬ 
tensity. For example, for almost the same hydroxyl concen¬ 
tration (0.7 and 0.8 cm -1 ), the luminescence intensity dif¬ 
fers strongly due to the different Er 3+ content. 

The synthesized borogermanate glass with a high total 
molar content of erbium and ytterbium oxides (25%) thus 
have a high glass transition temperature ( t g ~ 770°C), ap¬ 
proximately 200°C higher than the t g of laser phosphate 
glass. The relatively weak erbium clustering is a positive 
quality of this glass: marked extinction of luminescence in 
the 4 / 13 / 2 —> 4 /j 5 / 2 transition is not observed for a molar con- 
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tent of Er 2 0 3 under 3%. The optical centers of the Er 3+ ions 
in this glass are characterized by high homogeneity and a 
high effective luminescence band half-width (86 - 90 nm), 
which makes them promising as an active medium in fiber 
optic communications lines. 

The research was conducted with partial financial sup¬ 
port from RFRF within the International Program for Col¬ 
laboration with the Belarusian Fundamental Research Fund 
(Grant 08-03-90038). 

REFERENCES 

1. E. M. Dianov, “Fiber lasers,” Konferen. Simpoz., 174(10), 
1139- 1142 (2004). 

2. N. E. Alekseev, V. P. Tapontsev, M. E. Zhabotinskii, et al., Laser 
Phosphate Glass [in Russian], Nauka, Moscow (1980). 

3. V. N. Sigaev, P. D. Sarkisov, S. Yu. Stefanovich, and E. V. Lo¬ 
patina, “Lanthanum borogermanate glass and crystallization of 
LaBGe0 5 ,” Fiz. Khim. Stekla, 20(5), 582 - 597 (1994). 


4. G. E. Malashkevich, N. N. Ermolenko, V. I. Aleksandrov, et al., 
“Spectral-luminescence and thermomechanical characteristics of 
silicate-borate glass coactivated with Yb 3+ and Er 3+ ions,” Izv. 
Akad. NaukSSSR, Ser. Neorg. Mater., 23(6), 1053 - 1054 (1987). 

5. V. N. Sigaev, P. Pemice, A. Aronne, et al., “Influence of alumina 
addition on crystallization and texturing behavior of LaBGe0 5 
glass,” J. Non-Cryst. Solids, 352, 2123 - 2128 (2006). 

6. V. G. Plotnichenko, V. O. Sokolov, V. M. Mashinsky, et al., 
“Hydroxyl groups in Germania glass,” J. Non-Cryst. Solids, 296, 
88-92 (2001). 

7. S. Shen, A. Jha, X. Liu, et al., “Tellurite glasses for broadband 
amplifiers and integrated optics,” J. Am. Ceram. Soc., 85, 
1391 - 1395 (2002). 

8. S. Brovelli, A. Galli, R. Lorenzi, et al., “Efficient 1.53 pm er¬ 
bium light emission in heavily Er-doped titania-modified alumi¬ 
num tellurite glasses,” J. Non-Cryst. Solids, 353, 2150-2156 
(2007). 

9. A. V. Kliolodkov and K. M. Golant, “Features of the photo¬ 
luminescence of Er 3+ ions in silicate glasses fabricated by plas¬ 
ma-chemical precipitation in UHF discharge at low pressure,” 
Zh. Tekhn. Fiz., 75(6), 46 - 53 (2005). 


